Starches were isolated from bulbs of seven lily cultivars grown in China and their morphological, structural, and physicochemical properties were investigated. All the isolated starch samples showed triangular, elliptical, less scalloped, round, and irregular shaped granules. The starch of different lily cultivars exhibited B-type crystalline pattern. The median diameters (D50) were found to be in range from 17.79 μm to 45.06 μm and the amylose content in range from 23.63 to 30.38 g/100 g starch. The weight average molar mass (M w ) of amylopectin ranged from 4.03 × 10 7 g/mol to 11.00 × 10 7 g/mol and root-mean-square rotation radius (R z ) ranged from 203.90 nm to 264.20 nm. HPAEC-PAD chain distribution analysis revealed that the average chain length of amylopectin ranged from DP 23.19-25.29. Starch samples of different lily cultivars showed peak viscosity ranging from 1699.7 cP to 2963.0 cP, and pasting temperature varying from 63.83°C to 71.00°C. Furthermore, the transition temperatures of the starch samples isolated from different lily cultivars were found to be in range from 50.76°C to 57.59°C for onset temperature (T o ), 54.57°C to 64.30°C for peak temperature (T p ), and 68.07°C to 77.16°C for conclusion temperature (T c ). The gelatinization temperature range (ΔT r ) was found to be from 16.66°C to 21.65°C and enthalpy (ΔH) was in range from 11.46 J/g to 16.29 J/g. These results indicated that lily starch properties were significantly different depending on lily variety, which could help in understanding the convenience of these starches for the application in different food and non-food industries.
Introduction
Lily belongs to the genus Lilium of the family Liliaceae, including approximately 100 species, which are distributed throughout cold and temperate regions in the northern hemisphere. China is known as an important distribution center for the genus Lilium. [1] Lily bulbs are rich in nutrients and also contain varying bioactive compounds, including phenolics, polysaccharides, steroidal saponins, and alkaloids with multiple health-promoting properties, such as antioxidant effect, anti-inflammatory effect, and immune-enhancing effect. [2] [3] [4] [5] [6] Because of its high nutritional value and health benefits, lily bulbs are commonly consumed as a vegetable and also used as a Chinese traditional medicine. [7] Among chemical constituents of lily bulbs, starch was the major component and constituted approximately 53% to 69% of the lily bulb based on dry weight [8, 9] and the amylose content in lily bulbs starch varied from 19 to 28 g/100 g starch depending on cultivars. [8, 10] Starch is the major storage polysaccharide of higher plants and it is deposited in partially crystalline granules varying in morphology and molecular structure between and within plant species. [11] Previous studies have revealed that the shape of lily bulb starch granules varied from triangular to cylindrical with B-type crystalline pattern. [10] Yu et al. [8] found that the starch granules of Lilium leucanthum and Lilium rosthornii were larger in size with spherical, oval, irregular, and shell-like shape; however, Lilium lancifolium starch granules were smaller in size with a spherical and oval shape. The bulb and bulbil starches differed in their amylose content and granule size, as well as their shape and surface morphological characteristics. [9] Characteristics of Lilium bulb starches were also influenced by the growth and development stages, as well as the sedimentary location of tissue parts. Histological and transcriptomic analysis showed that starch synthesis and accumulation was vital to bulblet emergence and development in triploid Lilium lancifolium. [12, 13] Zhang et al. [14] reported that the starch content of interior scales were higher than that of exterior scales. Starches from different tissue parts differed in colors, sizes, structure, morphology, and texture characteristics, which could affect the functional properties and their suitability for different industrial applications. For example, lily bulb starches from Lilium lancifolium with high viscosity were suitable to thicken soup in cooking, improving the color and taste of dishes. Lilium rosthornii exhibited a higher hydrolysis resistance, indicating that it showed different edible and medical values. [8] To the best of our knowledge, the variations in physicochemical properties, including morphology, particle size distribution, chain length distribution, molecular weight, and pasting properties of starch isolated from different tissue parts of the main Lilium species grown in China have not been studied. Therefore, the aim of this study was to investigate the morphological, structural, and physicochemical of starch isolated from the interior and exterior bulb scales of seven lily cultivars widely grown in China.
Materials and methods

Materials
Seven lily cultivars, mainly grown in China, were chosen in this study and they were as follows: 1. Lilium brownie var. viridulum (PL); 2. Lilium davidii var. unicolor (LZ); 3. Lilium regale Wilson (MJ); 4. Longya lilium (LY); 5. Lilium leucanthum (Baker) (YC); 6. Lilium lancifolium Thunb. (JD); and 7. Lilium davidii Duchartre (C). These cultivars were the mainly planted cultivars in China. After harvesting, the lily bulbs were immediately transported to laboratory and stored at 4°C. The lily bulbs sectioned into two scales, namely, exterior scales, three layers ranging from the outside to the inside; and interior scales, three layers ranging from the inside to the outside. Afterward, the sectioned bulbs with uniformity of size, free from visible blemishes, disease and/or physical damage were selected, and washed with tap water prior to starch isolation. Starch from interior scales (IS) in seven lily bulbs was recorded as PLIS, LZIS, MJIS, LYIS, YCIS, JDIS, and CIS, respectively. Starch from exterior scales (ES) in seven lily bulbs were recorded as PLES, LZES, MJES, LYES, YCES, JDES, and CES, respectively.
Starch isolation
Lily bulb starches were isolated as described by Boukhelkhal and Moulai-Mostefa [15] with some modifications. The pre-washed lily scales were homogenized in twofold of distilled water for 2 min with a pulping machine to obtain a uniform slurry. The slurry was then successively filtered through a 100-mesh nylon, and the residue was washed with distilled water until no more starch was released. The residue retained on the nylon cloth was discarded. The collected suspension was centrifuged with 5000 × g at 25°C for 10 min and the supernatant was discarded. The pellet was treated with 0.05 mol/L NaOH at a ratio of 1:3 (w/v) to remove residual proteins. The mixture was kept at room temperature for 4 h and stirred every 1 h interval. The mixture was then centrifuged with 5000 × g at room temperature for 10 min, the supernatant was discarded, and the sediment was collected. These procedures were repeated four to five times until the yellow protein-containing supernatant became colorless. The starch samples were freeze-dried and sieved through a 100-mesh sieve, vacuum packaged in dark polypropylene bags, and stored in a desiccator for further analysis.
Amylose content determination
Accurately weighed sample of 20 mg starch was mixed with 1 mL of dimethyl sulfoxide, gently stirred with a vortex mixer, and heated in a boiling water bath until dispersed. Then, 2 mL of 95% (v/v) ethanol solution was added and continuously stirred on a vortex mixer. A volume of 4 mL ethanol was added, and the tube was covered with a cap, inverted, mixed, and allowed to stand for 15 min. After the resulting mixture was centrifuged with 2000 × g for 5 min, the supernatant was discarded and the sediment was used for amylose determination. The ratio of amylose/amylopectin (AM/AP) of the lily starch was measured with a special amylose/amylopectin assay kit (K-AMYL 12/16, Megazyme International Ireland Ltd.).
X-ray diffraction analysis
Lily starch was subjected to X-ray diffraction (XRD) analysis with XRD-6000 (Shimadzu, Kyoto, Japan) under the following conditions: Cu-Kα radiation operating at 40 kV and 30 mA; angle of diffraction scanning from 3°to 45°with a step length of 0.015°and scanning speed of 8°/min. To avoid the influence of humidity on the crystallinity, the starch samples were poured into glass Petri dishes, and then stored in a closed container containing saturated NaCl solution and equilibrated at room temperature for 48 h before the XRD analysis. Crystallinity index was calculated as described by Hao et al. [16] 
Morphological analysis
Polarized light microscope Starch sample of 10 mg was added to a mixture of glycerol: distilled water (1:1, v/v) to make a suspension, which was dropped on a microscope slide, covered with a cover glass, and placed under a LEICA DM4500P polarizing microscope. The morphological and polarization characteristics of the starch granules were analyzed under normal light and polarized light conditions, and images were captured at 200 × magnification.
Scanning electron microscopy A starch sample was mounted on a scanning electron microscope (SEM) (EVO LS10, Carl Zeiss, Jena, Germany) stub with a double-sided adhesive tape, and coated with gold by using an EDT-2000 ion sputter (2 × 10 −4 MPa, 25 mA) for 30 s. Then, the coated samples were put into the SEM chamber and scanning electron micrographs were taken at 500 × magnifications with the signal electron type of SE1 and an accelerating voltage of 10 kV. [17] Particle size determination A laser diffraction particle size analyzer (LS-POP laser particle size analyzer, Omec Technology Co., Ltd., China) was used to determine the particle size distribution of starch granules. [18] Approximately 30 mg of lily starch was added into a 50 mL measuring cup, 10 mL of distilled water was added, and the mixture was stirred magnetically for 1 min to prepare a starch suspension. The well-dispersed suspension was poured into a rotating container until the starch was completely immersed in water, and the starch particle size distribution was determined. The following measurement conditions were used. Refractive indices (dn/dc) of water and starch were set to 1.33 and 1.60, respectively. The analysis was performed with the following conditions: a shading ratio ranged from 8% to 15%, 0.20 μm of the cutoff lower limit, and 500.00 μm of the cutoff upper limit. The particle size distribution was characterized by median diameters (D50), particle diameter of volume (D (4, 3) ), particle diameter of surface (D (3, 2) ) and the dispersion ((D90 − D10)/D50) as described: Abebe, Collar and Ronda. [19] D10, D50, and D90 represent the corresponding particle size which is smaller than 10%, 50%, and 90% of the sample particles, respectively.
Molecular weight analysis
The molecular weight of lily starch was determined by a gel chromatography-differential multi-angle laser light scattering (GPC-RI-MALLS) using Series 1500 Pump (Waters), Optilab Trex (Wyatt Technology, CA, USA), and DAWN HELEOS Ⅱ (Wyatt Technology, CA, USA) as described by Lin et al. [20] Briefly, a sample of 10 mg starch was fully dissolved in 1.5 mL of NaNO 3 solution with heating, centrifuged at 12,000 × g for 10 min, and passed through a 0.22 μm filter and 100 μL of the upper column was taken. The detailed experimental conditions were as follows: detector: RI, MALLS; sample loading: 100 μL; mobile phase: DMSO/50 mmol/L LiBr; flow rate: 0.4 mL/min; column temperature: 60°C; wavelength: 663.1 nm; reference refractive index: 1.479; dn/dc: 0.07 mL/ g; analytical column model: Ohpak SB-806 HQ, Ohpak SB-806 HQ, Ohpak SB-804 HQ. The Astra version 6.1 software (Wyatt Technology, Santa Barbara, CA, USA) was used for data acquisition and analysis. A secondary Berry model was used for curve fitting and calculating the molecular weight, gyration radius, and polydispersity index.
Chain length distribution analysis
A high-performance anion exchange chromatography (HPAEC-PAD; Dionex-ICS 5000; Dionex Corporation, Sunnyvale, California, USA) coupled with a pulsed amperometric detector (PAD) and a Carbopac PA-1 column (Dionex Corporation, Sunnyvale, California, USA) was used to analyze the chain length distribution of lily starches in accordance with a previously described method. [21] A starch sample of 2 mg was suspended in 500 μL of 95% (v/v) ethanol solution and 4.5 mL of distilled water, and then boiled for 60 min. A volume of 2.5 mL of gelatinized polyglucan was mixed with 50 mL of 600 mmol/L sodium acetate buffer (pH 4.4) and 10 mL of NaN 3 (2%, w/v). Pseudomonas amyloderamosa isoamylase (10 μL, 1000 U/μL, I5284, Sigma Aldrich Corporation, St. Louis, USA) was then added to the mixture to hydrolyze polyglucan. The hydrolysate was poured into a 600 μL tube and dried under vacuum at room temperature. The sample was dissolved in 200 μL of 0.1 mol/L NaOH for further analysis using HPAEC-PAD. The mobile phase was a gradient eluent with 100 mmol/L NaOH and 500 mmol/L sodium acetate in 100 mmol/L NaOH, and the flow rate was set as 0.4 mL/min. The peak areas corresponding to different chain lengths were examined using PeakNet (Dionex, CA, USA).
Swelling power and solubility
Swelling power and solubility were determined as described by Li et al. [22] Briefly, 30 mL of 1% starch suspension (w/v) was heated in a water bath at 50°C, 60°C, 70°C, 80°C, and 90°C for 30 min. Then, the suspensions were centrifuged at 3000 × g for 20 min, and the mixture was cooled to room temperature. The sediment was weighed, and the supernatant was dried to constant weight in an oven at 105°C. The swelling power (SP) and solubility (S) of the lily starch were calculated as follows: SP (g/g) = (weight of sediment × 100)/[weight of starch sample × (1 − S)], and S (%) = weight of dried supernatant/weight of starch sample × 100.
Pasting properties analysis
The test was performed as described by Guo et al. [23] The pasting properties of starch were analyzed with a rapid visco-analyzer (RVA Super-4, Newport Scientific, Australia). A starch sample of 2.0 g was weighed directly into a RVA aluminum canister and 25 mL of distilled water was added and mixed well. Samples were held at 50°C for 1 min, heated to 95°C with 12°C/min, maintained at 95°C for 2 min, cooled to 50°C at the same rate, and held for 2 min. The speed was 960 rpm for the first 10 s and subsequently held at 160 rpm.
Thermal properties analysis
Thermal properties were determined with a differential scanning calorimeter (Q2000-DSC, TA instruments, New Castle, DE, USA) as described by Peng and Yao [24] with some modifications. A starch sample of 5.0 mg was placed in an aluminum DSC pan and 9 µL of deionized water was added, and sealed in the pan. The moisture content was equilibrated at room temperature for 24 h before the test. The scanning temperature was from 30°C to 110°C with heating rate of 10°C/min and an empty pan was used as a reference. Parameters, including onset temperature (T o ), peak temperature (T p ), conclusion temperature (T c ), and gelatinization enthalpy (ΔH) were recorded.
Statistical analysis
Data were statistically analyzed and expressed as mean ± standard deviations. One-way analysis of variance (ANOVA) and Tukey's pairwise comparisons were performed using SPSS 20.0 with statistical significance assigned at p < .05.
Results and discussion
Amylose content
The amylose content of starch is an important indicator since it affects the structure and functional properties of starch such as swelling, solubility, viscosity, gelatinization, and retrogradation. The amylose contents of the starch samples varied significantly (p < 0.05) depending on cultivars and parts of the lily bulbs ( Table 1 ). The amylose content ranged from 27.54 (YCIS) to 30.38 g/100 g starch (LZIS) in interior scales and from 20.94 (PLES) to 29.71 g/100 g starch (LYES) in exterior scales. These obtained results corresponded well with previous reported results [8, 9] , ranging from 24.48% to 27.66% for three Lilium bulb starches and 24.42% for Lilium lancifolium bulb starches, respectively. The amylose contents of PLIS, LZIS, and JDIS were significantly higher than those of PLES, LZES, and JDES, respectively (p < 0.05). However, there was no significant difference in the content of amylose between interior scales and exterior scales of other tested varieties (p> 0.05). Previous studies reported that the amylose content of starch was affected by the maturity of plants, climatic conditions, soil compositions, and botanical sources. [11] The bulb development was divided into three stages: appearance of bulblets, bulblet formation, and bulblet development. The third phase of bulblet development was involved in considerable enlargement and growth and showed a distinct and pronounced change in bulblet size. [12] In this study, the interior scales of the lily bulbs were an immature state. In addition, the synthesis and accumulation of starches were not completely finished, which could affect the chain length, branches, and amylose content. Wu et al. [25] found that the number of starch granules and lipid droplets of lily bulb increased dramatically after flowering, and finally the cells were filled with the above molecules. 
Crystalline patterns
The diffraction patterns of starch samples isolated from the seven lily cultivars were analyzed by XRD, and the diffractograms were shown in Figure 1 . The relative crystallinity calculated from the ratio of the diffraction peak area to the total diffraction area, [16] were also listed in Table 2 . The diffractograms revealed that all of the starch granules were consisted of the crystalline and amorphous region. [26] Lily starch exhibited a typical B-type crystallinity with reflection intensities at 2θ of 6°, 15°, 17°, 19°, 22°, and 24°, and the diffraction peak at 17°was the strongest, which were consistent with previous findings for lily bulb starches. [10] For the same variety, the crystallinity of the exterior scales starches were higher than that of the interior scales ones. It has been reported that the crystallinity of starch was negatively correlated with amylose content. [27] This phenomenon was also confirmed by the results of amylose content showed in Table 1 . The relative crystallinity of the lily starch granules ranged from 13.13% to 24.95% (Table 2) , which was lower than that of previous studies (20-40%) for Lilium bulb starches, [8] also lower than that of rice starch (26.8-31.0%). [28] The highest relative crystallinity value was found for LYES (24.95%), indicating high consistency with the double-helix pattern. Conversely, the lowest relative crystallinity was found for MJIS (13.13%). Starch crystallinity was reported to be affected by many factors, including the AM/AP ratio, the amylopectin chain length distribution, the orientation of the double helices within the crystalline region, and the interactions between the double helices. [9] The higher relative crystallinity of starch was, the more heat (ΔH) it would be needed. [29] This was consistent with the DSC results ( Table 6 ) that LYES showed a higher enthalpy value (15.42 J/g), and MJIS presented a lower enthalpy value (11.46 J/g). The starch with predominantly small B-type starch could be used as a fat replacer, paper coating agent, and carrier material in cosmetics. [30] 
Morphological properties
The microscopic images of the starch samples isolated from the interior and exterior scales of seven lily cultivars as obtained under normal light microscopy (NLM), polarized light microscopy (PLM), and scanning electron microscopy (SEM) were shown in Figure 2 . Almost all the starch samples showed triangular and elliptical shaped granules as well as some scalloped, round, and irregular granules. The result was in agreement with the previous reports in different lily varieties. [8] [9] [10] In this study, MJ and YC starch granules were 2-3 times larger than those of other cultivars starch and the size of the starch granules of the interior scales were smaller than that of exterior scales. The particle size of MJ starch varied greatly compared with other varieties. This observation was consistent with the results of the particle size distribution measurement ( Table 2) .
As shown in Figure 2 (a1-a7, d1-d7), under normal light, the ring structure of some starch granules could be detected, similar to the findings of potato and maize starch. [31] Under polarized light ( Figure 2 b1-b7, e1-e7), all of the starch granules showed obvious birefringence patterns and a typical Maltese cross with the hila at the center of small spherical granules or at the smaller end of the starch granules. The starch granules of MJ showed a strong birefringence patterns (Figure 2 b3, e3) , while the granules of LZ and YC exhibited a relatively weak birefringence patterns (Figure 2 b2, e2, b5, e5) . The birefringence patterns of starch from exterior scales (Figure 2 e1-e7) were stronger than those of interior scales (Figure 2 b1-b7 ). It could be related to the relative crystallinity of starch, since the exterior scales, starches showed higher relative crystallinity than that of the interior scales ones as obtained by the XRD analysis (Table 2) . This phenomenon was an indicator for the degree of starch granules arrangement and the organization of crystalline and amorphous regions in starch granules. Starch molecules were regularly organized in the crystallization region, so the internal crystals exhibited a certain direction. However, the starch molecules in the amorphous region were disorderly arranged. [22] The difference in structures could resulted in different refractive index and density of starch. Therefore, a black polarized cross formed as the polarized light passed through the starch granules. Note: means in the same column with different lower case letters are significantly different (p< 0.05); D (4, 3) , particle diameter of volume; D (3, 2), particle diameter of surface; S.S.A, specific surface of unit volume; the value of dispersion calculated as (D90 − D10)/D50; D10, D50, and D90 represent the corresponding particle size which is samllar than 10%, 50%, and 90% of the sample particles, respectively.
Particle size distribution
The particle size of starches in food crops was of importance to the food processor, since the particle size could influence the physicochemical properties of starches, such as gelatinization, pasting, enzyme susceptibility, crystallinity, and solubility, which could lead to different behaviors during food processing. [29, 32, 33] The particle size distribution of lily starch granules was presented in Figure 3 . All the lily bulb starch samples exhibited bimodal size distribution with small peak values at 4.24 μm (IS) and 7.51 μm (ES) and large peak values in the range of 25.60 μm to 61.28 μm (Figure 3) . These results were different from previous findings obtained by Yu et al. [8] who found unimodal distribution for lily bulb starches. This diversity could be ascribed to the different sampling methods since in this study lily bulbs were divided into interior and exterior scales while lily bulbs were sampled as a whole in the study reported by Yu et al. [8] For particle size distribution of interior and exterior scales starch, it was found that two peaks of the particle size distribution of the interior scales starch shifted to the left as compared with those of particle size distribution of the exterior scales starch, respectively. It implied that the size of the interior scales starch was smaller than that of the exterior scales starch. Similarly, the median diameter (D50) of the exterior scales starch (18.56-45.06 μm) was larger than that of the interior scales starch (17.79-34.04 μm), which could be attributed to the differences in starch granule development in lily bulbs. [12, 34] As Table 2 shown, the D50, D (4, 3) , and D (3, 2) of starch from the interior and exterior scales of seven lily cultivars ranged from 17.79 μm to 45.06 μm, 18.34 μm to 46.76 μm, and 15.73 μm to 36.62 μm, respectively. The particle sizes significantly varied depending on cultivars (p< 0.05). MJES showed the highest D50 of 45.06 μm and the widest particle size range of 2.39-131.47 μm, while JDIS showed the smallest D50 values of 17.79 μm and the narrowest size distribution range of 5.13-45.06 μm. The D (4, 3) of YCIS and YCES was 33.87 μm and 32.86 μm, respectively, which was similar to the results of Lilium leucanthum (YC) starches reported by Yu et al. [8] Yu et al. [9] also reported that the average particle size and size distribution range were 18.44 μm and 2.47-48.41 μm for lily bulb starch originated from Lilium lancifolium (JD), respectively, which were in good agreement with the observation of this study. The size dispersion was used to characterize the uniformity of the particle size of the sample. The smaller the size dispersion was, the more uniform the particles showed. YCIS showed the lowest value of size dispersion (0.85), which was consistent with the relatively concentration of its particle size distribution ( Figure 3 ). The particle size of the lily bulb starch was larger than that of chestnut starch (6.82-8.69 μm) [16] and jackfruit starch (4.28-12.59 μm). [29] Starch of smaller particle size could be used as thickening agent in puddings and food formulation. The physicochemical properties and textural characteristics of food products incorporated with starch could be influenced by the particle size of starch. [35] 
Molecular weight
The molecular weight parameters as estimated from the GPC elution profile were presented in Table  3 . Significant differences (p < 0.05) were found in the molecular weight and gyration radius of lily starches, however, no significant differences were found in the polydispersity of lily starch samples (p > 0.05). The weight average molar mass (M w ) of lily bulb starches were found to be in range of 4.03-11.00 × 10 7 g/mol, which was much lower than that of bean starch, 6.5-10.5 × 10 8 g/mol, [36] and much higher than M w of Antiaris africana seeds starch, 2.18 × 10 7 g/mol. [37] The root-meansquare rotation radius (R z ) of amylopectin in lily starch, 203.90 nm-264.20 nm, were much lower than that of bean starch, 297 nm-345 nm. [36] The M w was larger than the number average molar mass (W n ), and the highest M w of 11.00 × 10 7 g/mol was found for JDES, and the lowest M w of 4.03 × 10 7 g/mol was found for MJIS. The gyration radius (R w ) of JDES was also the highest, 221.1 nm, followed by LZES, 215.65 nm, and JDIS, 209.10 nm. However, MJIS showed the smallest R w , 180.20 nm, which was much higher than that of Antiaris africana seeds starch, 95.10 nm. [37] The dispersity index (Ð M = M w /M n ) was a measure of the distribution of the molecular mass in a given polymer such as starch and reflected the uniformity of polymers. The value of Ð M for the uniform polymers were approximately equal to 1, whereas it was approximately equal to 2 for the linear polymers with a high degree of polymerization and most-probable distribution. [38, 39] In this study, the highest Ð M (2.00) was found for LZIS, whereas the smallest polydispersity (1.52) was found for MJIS, indicating heterogeneity of LZIS molecules with a higher degree of polymerization and relative uniformity of molar mass between MJIS molecules. This structural characteristic played an important role in the functionality and digestibility of lily bulb starches. The hydrodynamic coefficient (υ G = LogM/ LogR) reflected the molecular structure of a polymer. The values υ G = 1 for a rod, υ G = 0.5-0.6 for linear random coils, and υ G ≈ 0.33 for a sphere attributed to high branched and dense packing of amylopectin chains. [39, 40] The smaller υ G -values, the denser the amylopectin shape was. [40] The υ G -values of lily bulb starches ranged from 0.15 to 0.23, which indicated that lily bulb starch molecules exhibited spherical conformation with highly branched amylopectin chains. The values for υ G depended on polymer shape, temperature, and polymer-solvent interactions. [40] The molecular weight and gyration radius can be affected by different planting environments, starch origins, and starch compositions. [41] It also can be influenced by the method used for starch dispersion, solubilization, and the data fitting model. [39] Chain length distribution
The chain length distribution curves of the lily starch samples were shown in Figure 4 . The curve shapes exhibited two trough levels at the degree of polymerization (DP) 7 and DP 38 and two peaks at DP 11-14 and DP 45. These findings were consistent with distribution trends found for duckweeds starches. [21] The percentage of the short-chain starch (DP 6-12) in the interior scales of lily bulb starch was higher than that in the exterior scales starch. In contrast, the percentage of the long-chain starch (DP≥37) in the exterior scales was higher than that of the interior scales starch, probably because of the difference in starch formation and development in different plant tissues.
The DP and average branch chain length (DPa) of amylopectin were presented in Table 4 . The values of DP were classified on the basis of the classification proposed by Hizukuri [42] and the DPa of amylopectin was obtained by calculating the ratio of total glucose (DP 6-100 × their areas) to total areas of DP 6-100. [30] All starches showed similar chain length distributions but differences were observed regarding botanical origin (Table 4 ). There were significant differences in percentages of chains with DP 6-12, DP 13-24, DP 25-36, and DP≥37, ranging from 21.26% to 24.60%, 36.17% to 39.14%, 19.06% to 20.62% and 16.89% to 22.06%, respectively (p < 0.05). LYES showed the lowest proportion of chains in DP 6-12 (21.26%), but the highest proportion of chains in DP≥37 (22.06) and value of DPa (25.29) . In contrast, CES presented the highest proportion of chains in DP 6-12 (24.60%), whereas the lowest proportion of chains in DP≥37 (16.89%) and value of DPa (23.19) .
More long chains (DP≥37) were detected in all tested starches, compared with those of jackfruit starches (A-type) or bean starches (C-type), ranging from 5.80% to 9.97% and 10.31% to 13.85%, respectively. [37, 43] It suggested that lily bulb starch contained a more highly branched amylopectin than did in jackfruit starches and bean starches. This result was attributed to the fact that lily bulb starches belong to B-type starch. The proportions of short and long chains in A-and C-type starches were different from those of B-type starches. The proportions of long chains (DP>37) in B-type starches were larger than those in A-and C-type amylopectins. [44] HPAEC-PAD chain distribution analysis revealed that the DPa of all lily starches were higher than 23 (Table 4) , and the DP values ranged from 23.19 to 25.29, which was higher than that of jackfruit starches (DP 15.59-21.22) and bean starches (DP 19.60-21.25), [36, 43] while lower than that of duckweed starches, DP 28.29-28.52. [21] The DPa of lily starches were similar to that of some roots and tubers (waxy potato, yam, etc.), ranging from 25.8 to 26.3. [39] In this study, LYES starch showed the largest proportion of long chains, this was positively correlated with gelatinization temperature and ΔH as obtained by DSC. Branch chains with DP≥37 extended through multiple crystalline clusters, while short chains (DP < 12) were known to form short double helices. Crystalline regions packed by large proportions of longer amylopectin branchchains were more stable, in which double helices of long branches required high temperatures for dissociation and large enthalpy changes, indicating that a high thermal energy was needed for their disruption. [28, 36] Swelling power and solubility
The swelling power and solubility of all the lily starches were determined at a temperature range of 50-90°C ( Figures. 5 and 6) . The results showed that the swelling power and solubility of lily starch increased as temperature increased. The similar trend was found for purple sweet potato starches. [44] No significant difference was observed in the swelling power between the interior and exterior scales from the same lily cultivar bulb and a similar phenomenon was also shown for the solubility of the starches (p > 0.05). However, the different cultivars starches exhibited significantly different swelling power and solubility (p < 0.05), which could be attributed to the difference in the structure and genetic mapping of the starch granules. [1] The starch isolated from the interior and exterior scales of PL showed higher swelling power, 2.96-23.96%, at 50-90°C, whereas the starch from the interior and exterior scales of LY showed lower swelling power, 2.09-21.43%, at 50-90°C. The difference in swelling power was not obvious at 50°C. However, PL starch showed the highest swelling power at 90°C, 23.88% for the interior scales and 23.96% for the exterior scales starch. On the other hand, the interior and exterior scales of C and JD starches showed the smallest swelling powers at 90°C, 19.46%, and 19.07%, respectively. Similar trend of results were found in swelling power of starch from 10 mung bean cultivars, 17.27-20.55%. [45] The solubility of the interior and exterior scales starch of the seven lily bulbs increased as temperature increased from 50°C to 90°C, ranging from 0.52% to 12.28%. The solubility also varied among different lily cultivars at the same temperature. PLES showed the highest swelling power at 90°C, it would be explained the fact that starch of PLES contained the lowest amylose content (20.94%). However, JDES showed the smallest swelling powers (19.07%) at 90°C, which could be attributed to the relatively smaller of particle size (18.56 μm) as showed in Table 1 . Both swelling power and solubility reflected the ability of lily starch granules to bind water molecules and the ability to interact with each other. When starch was heated in excessive water, the crystal structure was damaged due to the fracture of the hydrogen bond. The hydroxyl groups of the exposed amylose and amylopectin formed hydrogen bond association with water, causing an increase in swelling power and solubility. [22] Swelling power and solubility were influenced by the particle size, molecular weight, lipid-amylose complexes, amylose-to-amylopectin ratio, and the interaction between starch chains within the amorphous and crystalline regions. [22, 46] 
Pasting properties
The pasting properties of the starches isolated from different parts and cultivars of lily as obtained by RVA were presented in Table 5 , and the corresponding pasting RVA curves were shown in Figure 7 . Pasting parameters, including peak viscosity (PV), trough viscosity (TV), breakdown (BD), final viscosity (FV), setback (SB), pasting temperature (GT), and peak time (PT), of the lily starches varied significantly depending on lily cultivars and tissue parts (p < 0.05). These results were consistent with previous findings for Lilium bulb starches obtained by Yu et al. [8] The PV, TV, and FV of the starches from the exterior scales of most lily cultivars were higher than those of the interior scales starch.
PV was correlated with the range of starch size distribution and indicated the resistance of swollen granules to shear and the performance of starches. [18] The PV varied from 1699.67 to 2963.00 cp. The PV of LZES (2963.00 cp) and PLES (2934.33 cp) were significantly higher than other varieties (p < 0.05), while the PV of YCIS (1699.67 cp) was the lowest among all varieties, indicating lower resistance of YCIS to swelling and rupture than that of the other starches. [47] This was highly consistent with the conclusion that PLES exhibited the highest swelling power ( Figure 5 ).The relatively lower PV of YC indicated that these starches could be suitable for high-temperature processed and as materials for delivery systems. [21] The BD was defined as the difference between PV and TV and could be used to evaluate the shear resistance of starches at high temperatures. The smaller the BD value was, the better the starch paste stability presented. In this study, BD varied significantly from 139.00 to 950.67 cp. The lowest BD value (139.00 cp) was found for YCES starch, indicating strong cohesive forces within its starch granules, high thermal stability, and low retrogradation tendency. The BD could be influenced by the presence of rigid non-fragmented swollen granules, the granule size, and the amount of leached amylose. [22, 48] FV indicated the stability of cooled-cooked paste under low shear. However, SB reflected the gelling stability and retrogradation tendency of starch and it was correlated with the rearrangement of amylose molecules. [22] The FV and SB ranged from 2694.00 to 3152.00 cp and 760.00 to 1398.67 cp, respectively. LYES showed the highest FV value, whereas the lowest was observed for CIS. LZES showed the lowest SB value, indicating lower retrogradation tendencies and higher stability of its cooled paste. The differences in the aggregation of starch paste during cooling could be due to the different particle size and amylose content of lily starches. [49] The pasting temperature provides an indication of the minimum temperature required to cook, as well as the temperature at which the viscosity begins to increase during the heating process. [50] As showed in Figure 7 and Table 5 , all pasting temperatures differed significantly among the interior and exterior scales from the seven lily cultivars (p < .05) ranging from 63.83°C to 71.00°C. LYIS showed the highest pasting temperature, whereas the lowest was found for PLES. It indicated that LYIS showed higher resistance to swelling. This finding was in agreement with the SP results (Figure5). It was also reflected in (Table 6 ) that LYIS presented higher transition temperatures but lower in PLES. These values were also in agreement with previous results. [8, 10] 
Thermal properties
The thermal parameters of lily starch as obtained by DSC were presented in Table 6 . The transition temperatures (T o , T p , and T c ), gelatinization temperature range (ΔT r ), and ΔH of starch varied significantly depending on lily cultivars and tissue parts (p < 0.05). T o , T p , and T c of the starches from different lily cultivars ranged from 50.76°C to 57.59°C, 54.57°C to 64.30°C, and 68.07°C to 77.16°C, respectively. The difference in transition temperatures could be attributed to the particle size, morphological characteristics of the starch granules, the degree of crystallization, the distribution of amylopectin chain length, the ratio of amylose and amylopectin, the molecular weight of starch, and intermolecular interaction. [51] ΔT r ranged from 16.66°C (MJES) to 21.65°C (LZES), and this range was correlated with the uniformity of granule size and the degree of crystalline organization in the starch molecules. [52] In terms of the uniformity of particle size distribution of starch granules (Figure 3) , MJES showed the highest, whereas LZES showed the lowest particle size distribution. It has been reported that ΔH was mainly due to the disruption of double helices rather than the long-range disruption of crystallinity. [21] ΔH of the starch samples varied from 11.46 J/g to 16.29 J/g. The JDES presented the highest ΔH, whereas the lowest was observed for MJES. The higher ΔH of JDES suggested that disruption of double helices during gelatinization was more pronounced than that of other lily bulb starches. This indicated that more energy could be needed to break the intermolecular bonds in starch granules of JDES to achieve gelatinization. 
PLIS
Conclusion
This study demonstrated the diversity in morphological, structural, and physicochemical properties of starches isolated from different lily cultivars and tissues. The structural and physicochemical properties of lily bulb starches varied significantly depending on lily cultivars and bulbs tissues parts, i.e. the interior and exterior scales of lily bulbs. The relative crystallinity, granule sizes, molecular weight, average chain length, peak viscosity, and transition temperatures of the starches from the exterior scales were found to be higher than those of the interior scales starch. However, the amylose content of the exterior scales starch was found to be lower than that of the interior scales starch. Lily starches were triangular and elliptical granules along with few scalloped, round, and irregular granules. All lily starches from seven cultivars exhibited B-type crystallinity, but showed some differences in physicochemical properties. The granule sizes were high in MJ and YC and low in JD, whereas MJ presented the lowest relative crystallinity and molecular weight. LY and PL starch showed high and low thermal temperature. PL starch showed a high peak and breakdown viscosities, and YC starch exhibited low peak and breakdown viscosities. These results could be used as a basis for the research and development of lily starch incorporated products. 
